Non-motor symptoms such as depression and in later phases dementia are common features of Parkinson's disease. For the first time in Iran, the present study aims to examine the effects of deep brain stimulation of the subthalamic nucleys (STN-DBS) on cognition and mood through neuropsychological assessment of patients with Parkinson's disease. Stimulation of the subthalamic has no negative effect on the short-term cognitive status of patients with Parkinson's disease, and improves depression. Precise psychological evaluation helps better recognition of the effects of this kind of surgery, which may be useful in providing quality services for those who will be candidates for this surgery in the future.
I. Introduction
Parkinson's disease (PD) is a neurodegenerative disorder caused by degeneration of dopamine producing neurons in the substantia nigra pars compacta of the basal ganglia. PD symptoms can be divided into two main categories. The first category includes motor symptoms such as bradykinesia, rigidity and tremor [1] , and the second consists of non-motor symptoms such as, cognitive impairment, and psychiatric problems including depression, [2] , [3] .Treatments for motor problems of patients with PD include pharmacotherapy focusing on dopamine replacing agents and surgical treatments, especially Deep Brain Stimulation (DBS). DBS is a neurosurgical procedure in which electrodes are chronically implanted in the target area in the brain, most commonly the subthalamic nucleus (STN). Effectiveness of STN-DBS in treating the motor symptoms and medication-induced motor complications of PD and improving the quality of life of the patients is well-proven in controlled clinical trials, [4] , [5] . One of the important questions is whether STN-DBS has positive effects on non-motor symptoms of PD. The aim of our study was to examine the effect of STN-DBS on depression and cognition in PD.
II. Methodology
Design: This study used a repeated measures design, with pretest/posttest in which "the change in mental status" of each patient was assessed before and after the STN-DBS, and "depression severity" was assessed on five occasions. Sample: The sample included 8 patients with PD attending the Rasool Akram Hospital, Tehran, Iran in July 2015 who were candidates for STN-DBS surgery according to the opinion of their physician (a movement disorder specialist). All were candidates for STN-DBS surgery and met the following criteria: at least 5 years past diagnosis, multiple debilitating on-off cycles (with or without dyskinesia), symptoms responding well to dopaminergic medications, having received different treatments and taking various PD medications without responding to them, and severe symptoms to the point of interfering with patient's everyday life [6] .Six participants were men and 2 were women. The mean age of participants was 51 years, and the average time past diagnosis was 9.5 years. No patient had a family history of PD. Table 1 shows the medication the patients were taking before and after STN-DBS surgery. All participants provided informed consent. Confidentiality of the personal information was ensured.
Measurement Instruments
The Beck Depression Inventory-II (BDI-II): This was developed by Beck, Steer, and Brown to assess severity of depression according to the depression criteria of the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV) and cognitive theory. The BDI-II has 21 items which cover the affective, cognitive and behavioural symptoms of depression. Scores range from 0 to 63, with higher scores indicating more severe selfreported depression [7] . reported a reliability estimate of .913 for the BDI-II for an Iranian sample.
The Short Portable Mental Status Questionnaire (SPMSQ): It was developed by Pefeiffer [8] . It has 10 items, and is verbally administered. In an internal consistency examination in an Iranian sample [9] , found a Cronbach's alpha of .94 which indicated internal consistency of the questionnaire in discriminating groups with and without dementia. The SPMSQ items cover orientation in place and time. Scores range from 0 to 8 or more errors, with higher scores indicating more severe cognitive impairment. One more error is allowed in the scoring if a patient has had a grade school education or less. One less error is allowed if the patient has had education beyond the high school level.
Procedure
After participants were selected before surgery, the instruments were administered to them, and their answers were recorded. Then, they were placed on the list of surgery candidates. First, the stereotactic frame was fixed for them. In the next step, before putting the patients into the MRI machine, they were put individually into general anesthesia so that the interference of patients' tremors with the work of the MRI machine could be prevented [10] . After determining the anatomical location of subthalamic nucleus in the brain, patients underwent a surgery for implanting the electrodes and the impulse generating devicefor DBS [11] . The BDI-II data were collected on five occasions: before surgery, 2 days after surgery (DBS generator was off), 5 weeks after surgery (DBS was on, and treatment components were adjusted), 11 weeks after surgery (DBS was on, and treatment components were adjusted), and 14 weeks after surgery (DBS was on, and treatment components were adjusted). The SPMSQ data were collected on 2 occasions: pretest (before surgery) and at posttest (14 weeks after surgery).
Data analysis
The study data were analyzed using SPSS software v.21. Descriptive statistics were used to summarize the demographic characteristics of patients. Paired sample t-test, analysis Results Table 1 shows the names and doses of medications used by each patient before and after the surgery. According to Table 3 , In order to examine the effects of STN-DBS on depression, depression scores were assessed on 5 occasions, and it was found that they were higher at the pretest compared to the 4 other posttest occasions . Among the posttest scores, the scores from the occasion 5 were the highest. The level of depression was significantly different between the 5 occasions (F(4, 28)=3.45, p<0.05).
The Tukey's post hoc test was used to identify the pair of occasions with a sginficant difference, and to determine whether the pre-surgery occasion was significantly different from each of the 5 post-surgery occasions; the results are presented in Table 3 . \ Table 3 , there was a significant difference between depression scores at pretest and those at the two post-surgery occasions, i.e. weeks 5 and 11 (p<0.01), but there was no significant difference between depression scores at pretest and those at day 2 and week 14 after the surgery (p>0.05). In other words, the level of depression in the patients was significantly higher before the surgery compared to that at weeks 5 and 11 after the surgery, but it was not significantly different from the level of depression at day 2 and week 14 after the surgery (Diagram 1).
Examination of the effects of STN-DBS on the SPMSQ for each patient indicated no significant change in cognitive status after the surgery. The paired sample t-test was used to compare the pretest and posttest scores. The results of the paired sample t-test showed no significant difference between the pretest and posttest scores on the SPMSQ scale (p>0.05).In other words, STN-DBS had no negative effect on cognitive status.
III. Discussion
The patient's level of depression was significantly different among the 5 assessment occasions. It was significantly higher before the surgery than it was at weeks 5 and 11 after the surgery, but was not significantly different between pre-surgery assessment and day 2 and week 14 after the surgery. Thus, the level of depression was lowest at weeks 5 and 11 after the surgery (p>0.01). Therefore, STN-DBS reduces depression in patients with PD. By contrast, STN-DBS did not alter the patients' cognitive status measured on SPMSQ. Depression could be seen as a non-motor manifestation of PD, but some issues should be noted: First of all, it has been observed that tapering off or quitting dopaminergic medications lead to depression or worsen depression symptoms, and the need for taking dopaminergic medications is reduced for patients who undergo DBS surgery. Secondly, some believe that DBS has positive effects on the non-motor manifestations of PD. For example, depression occurs in patients with PD with a yearly incidence rate of 2%. In patients who have undergone DBS, there are more accurate estimates of the level of depression: 2% to 25% [12] . Many studies have been performed on the prevalence of depression among patients with PD before and after STN-DBS, but the focus of the present study was on the severity of depression before and after surgery (In fact, depressed PD patients were not included in our study). In a study by Calabresi [13] , reduction in the doses of dopaminergic medications taken by PD patients was shown to have a role in patients' depression or worsening of their depression symptoms after the surgery; for some of the patients in our study, the dosage and number of dopaminergic medications was not reduced after the surgery. Castelli, et al [14] measured the severity of depression 2 weeks before surgery and again 15 weeks after surgery, and found a slight improvement, but in the preset study, depression level was significantly different from the pre-surgery assessment only at weeks 5 and 11 after the surgery. In overall, the results of the present study indicated that, notwithstanding a slight increase in the severity of depression in the first two weeks after the surgery, there were significant improvements at weeks 5 and 11. In a study by Witt and Daniel [15] , "surgical stress and nature of the underlying disease," were considered as two factors that could lead to depression or worsen depression symptoms in the first 2 weeks after surgery. Depression severity was reduced to some extent at week 14 after the surgery, but it was not statistically significant. No significant difference was observed in the scores on the SPMSQ before and after the surgery. The results of paired sample t-test indicated that the scores on the SPMSQ were not different before and after the surgery. In other words, the surgery had no negative effect on dementia. According to our examinations, none of the patients had dementia or psychological disorders, before or after the surgery. Voon et al [16] showed that stimulation of the subthalamic nucleus is more likely to lead to dementia or worsen dementia symptoms than stimulation of the internal globus pallidus (GPi), however, this has not been proven in any reliable study. In contrast, the results of the present study indicated that, although STN-DBS could not reduce dementia scores (p>0.05), it had no negative impact on dementia. Voon et al [16] , showed that dementia in patients with PD could be due to high frequency stimulations or damage to the subthalamic nucleus during electrode implantation or both, and that the role of these factors should be separately assessed, but in the present study, it was found that none of these factors could lead to dementia or make it worse.
On the other hand, if dementia is in an advanced stage before the surgery or reach an advanced stage after the surgery, the patient will not benefit from the motor improvements resulted from STN-DBS, because impairment in the quality of life of these patients is so severe that motor improvements are not very helpful for them [16] . In an eight-year long longitudinal study, the incidence of dementia after surgery was reported to be 38% [17] . The present study is not completely consistent with the previous ones, and this may be due to the fact that the current study was conducted over 5 months, therefore, given the gradual course of dementia, we suggest future studies use standard designs with longer follow-ups. The use of biological markers and Magnetic Resonance Imaging (MRI) of the brain anatomy can help early diagnosis of dementia in patients with PD. Therefore, it can be argued that PD is widely related to mild cognitive impairments and dementia [18] . Over the past 50 years, Levodopa has been the first-line therapy for PD [19] . In the present study, examination of the medications taken by the patients before and after the surgery indicated that they were still dependent on some mediations, such as Levodopa, but there was no significant difference between their medication use before and after the surgery. As was observed in the subjects of the current study, due to the effectiveness of STN-DBS in the reduction of patients' motor symptoms, the amount of medications taken by the patients is reduced after the STN-DBS. However, longitudinal study designs, larger statistical populations, and longer follow-ups are needed to examine the effects of other medications on the neuropsychological condition of patients with PD, because different medications are prescribed for the patients, and not many studies have focused on medications other than Levodopa.
IV. Conclusion
In overall, the study results indicate that STN-DBS can be considered as a useful method for treating depression, therefore improving the everyday functioning and quality of life of patients with PD, and although it is not effective in reducing dementia symptoms, it has no negative effect on dementia. Therefore we can argue that STN-DBS that is regarded as a standard treatment method for motor impartments in patients with PD, should be considered as an "effective surgery for neuropsychological disorders."
Suggestions for future research
The negative effects of cognitive impairment and depression on the quality of life of patients with PD [20] are sometimes so severe that the patients do not benefit form improvement in their motor impairments with STN-DBS. Therefore, regular psychical and psychological care should be provided for the patients after the surgery. We also suggest future studies to examine the behavioral and mental responses of patients against different frequencies in order to find the lowest and highest allowed frequencies useful in improving the patients' health. Surgical teams for functional surgeries must include an experienced neuropsychologist, because patients who undergo STN-DBS, in addition to having to pay the high costs of treatment, are prone to some complications following the surgery. Another important issue concerns quitting dopaminergic medications after STN-DBS. Stopping or reducing dopaminergic medications can lead to or worsen depression in PD. Ttherefore we suggest that future controlled clinical trials should attempt to differentiate between changes in depression in association with STN-DBS and depression relating to stopping or reducting dopaminergic medications after STN-DBS.
